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Abstract
Ionic liquids (ILs) are liquid salts of differentiating to all molten salts with temperature below 100 ° C (arbitrarily set with
reference to the boiling point of water), but a large number of them are liquids at room temperature. The properties of ionic
liquids such as their wide field of electro activity, their high conductivity, and high thermal stability have made them new prime
candidates in searching for a new energy systems (photovoltaic cell, battery, solar concentrator ...). The present work objective is
to study the physicochemical properties of some ionic liquids based on imidazolium ([BMIM]+ [BF4]
- , [BMIM]+[PF6]
- , [HMIM]+
[Br] - ,[BMIM]+ [Br]-) and more particularly the dielectric properties. We performed measurements by dielectric spectroscopy to
see the influence of the size of the anion and the length of the alkyl chain of the cation on the conductivity of ionic liquids at
different temperatures. We made also theoretical study by using data mining techniques such as the analytical method principal
FRPSRQHQWV3&$WKDWKHOSXVWRVWXG\WKHUHODWLRQVKLSVEHWZHHQYDULDEOHVıRT (S / m), Tg .OQı (S / m), B, T0 (K), m) and
their relation with ionic liquids structure.
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1. Introduction
Ionic liquids have been in recent years the subject of growing research activities because of their interesting
physical properties high electrical conductivity and very low vapour pressure and their potential as designer solvents
for catalytic and chemical applications. By definition, ionic liquids are organic salts with a melting temperature
below 100 ° C. The polarity, dielectric constant, electrochemical window, and electrical conductivity are important
physical properties that determine whether an ionic liquid is suitable for a given application.
Due to the large number of possible cation-anion combinations, it is of great interest to understand how the
properties of newly synthesized ILs can be predicted from the structure of the molecule, in order to choose suitable
candidates for a given application.1
From the applied point of view, there are many proposed applications for ILs in the field of green chemistry.
Among them we can name those of replacement of organic solvents, charge transport in energy generators, batteries
and electrolytic medium in aluminium electrodeposition processes2,3. In fact important advances have been achieved
recently in the application of ionic liquids to Li batteries4, as electrolyte in electrochemical processes and devices5,
and even in solar power applications6.
To develop these proposed applications with the most adequate IL it is first necessary to know the value of their
physical magnitudes, and their behaviour with temperature. Experimental data of the different physical magnitudes
are also necessary to develop a theoretical model to explain and to predict them in the different ionic liquids (which
does not exist nowadays up to our knowledge), and to extend the molecular dynamic simulations reported until
now7,8.
Experimental data or databases are traditionally viewed as ‘‘static’’ documents that are used in a ‘‘search and
retrieval’’ mode. These static data can be transformed by informatics and data mining tools into a dynamic dataset
for analysis of the properties of the materials and for making predictions.
2. Experimental
2.1. Materials and Methods
To make our experimental conductivity measurements, we used an LCR meter (L for inductance, C for
capacitance and R for resistance). The functional role of an LCR bridge is based on measuring the electrical
impedance Z of the compound under test. The electrical impedance is defined as the opposition that presents a
compound or a circuit against the flux of an alternating electric current for a given frequency. This impedance is a
complex quantity, the real part corresponds to the resistor R and the imaginary part to the reactance X that is written
as:
ܼ = ܼĄ + ܼ݅" = ܴ + ݅ܺ (1)
The ionic conductivity measurements were taken using a conductivity cell with coaxial cylindrical copper
electrodes manufactured locally; in this case, the cell constant was calculated by:
݇ = ଵ
ଶ గ௛
݈݊ ோభ
ோమ
(2)
h, R1, R2 respectively represent the height of the electrodes (cm), rayons of the two electrodes from small to
large (cm) and constant k of the cell (cm-1).
The dielectric measurements were performed on pellets processed by applying uniaxial pressure on powder.
Dielectric spectra were recorded by using BDS-4000 Novocontrol spectrometer, which was coupled with the quarto
system to ensure the temperature variation from -80 to 20°C for the frequency range (10-2 to 106Hz). For
conductivity data analysis, the complex conductivity is defined as:
ߪכ = ߪƍ + ݅ߪƍƍ = ߝ଴߱ߝ ƍƍ + ݅ߝ଴߱ߝ ƍ (3)
:KHUHİ0 DQGȦUHIHUWRWKHSHUPLWWLYLW\RIIUHHVSDFHDQGDQJXODUIUHTXHQF\Ȧ ʌIUHVSHFWLYHO\
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2.2. Results and Discussion
2.2.1. Conductivity:
7KH FRQGXFWLYLW\ YDOXH ı KDV EHHQ GHWHUPLQHG IURP WKH HOHFWURO\WH UHVLVWDQFH 5e) drawn from the diagram
impedance by the following relationship:
ɐ ൌ ୩
ୖ౛
(4)
,QWKLVSDSHUZHSUHVHQWH[SHULPHQWDOGDWDRQWKHWHPSHUDWXUHGHSHQGHQFHRIWKHHOHFWULFDOFRQGXFWLYLW\ıLQIRXU
different imidazolium based ionic liquids [CnMIM]
+[Br]- with Cn representing butyl and hexyl chains, to study the
GHSHQGHQFH RI ı ZLWK WKH FDWLRQ OHQJWK 0RUHRYHU WR VWXG\ WKH LQIOXHQFH RI WKH DQLRQ VL]H LQ WKH HOHFWULFDO
conductivity, we measured three different [BMIM]+[X]- with X being, from smaller to bigger sizes, Br-, BF4
-, PF6
-.
The influence of the anion size on the electrical conductivity was also studied.
$FFRUGLQJ WR WKH 1\TXLVW GLDJUDP DQG E\ DSSO\LQJ HTXDWLRQ  FRQGXFWLYLW\ ı DQG WKH UHVLVWDQFH RI WKH
electrolyte (Re) of the two ionic liquids are mentioned in the following table (Table 1).
Table.1. The values of (ReHOHFWURO\WHUHVLVWDQFH9YROXPHıFRQGXFWLYLW\RI/,VRI>%0,0@+ [Br] -,[BMIM]+[BF4]í , [BMIM]+[PF6]í and
[HMIM] + [Br] -.
LI [BMIM]+[Br]- [HMIM]+[Br]- [BMIM]+[BF4]í [BMIM]+[PF6]í
Reȍ
V(ml)
ıP6FP-1)
6,49
1,2
3,75
28 ,55
2
0,5
30,58
0,5
1,9
30,18
1
0,96
If we analyse the table (1), we observe, as expected, when the length of the cation [CnMIM]
+ increases the
electrical conductivity of the liquid decreases. The long alkyl chains make the movement of cations difficult and
thus LIs with longer chains contribute weakly in the electrical conductivity.
Discussing the influence of anion size on the electrical conductivity, we observe in the table that when size of the
anion increases (Br-<BF4-<PF6-) electrical conductivity decreases, because of the external electrical charge density
that decreases with the increasing of the anion size.
From a theoretical point of view, a detailed knowledge of the molecular interactions responsible of the ionic
character of ionic liquids is to be known. In particular, although it is clear that the large size of the cation is the
primary cause of their liquid state, the exact influence of the size in the transport properties is not known.
2.2.2. Dipolar relaxations :
Physically, the dielectric modulus corresponding to the relaxation of the electric current in the material become
constant when the electric displacement, so the electric modulus presents the real process of the dielectric relaxation,
which is expressed by the relation
ܯכ = ଵ
ఌכ(ఠ)
= ܯᇱ + ݅ܯ" (5)
7KHLPDJLQDU\SDUW0ȦRIWKHFRPSOH[VSHFWUDRIGLHOHFWULFPRGXOXVLQIUHTXHQF\ZDVGHWHUPLQHG
Secondary relaxation processes were observed in this liquid at high frequencies and low temperatures. These are
WKHȕUHOD[DWLRQVZKLFKDUHPRGHOOHGE\WKHHPSLULFDOIXQFWLRQ+DYULOLDN1HJDPL
ܯכ = ܯஶ +
οெ
൫ଵା(௜ఠఛಹಿ)ഁ൯
ം (6)
ĲHNLVWKHUHOD[DWLRQWLPH+DYULOLDN1HJDPLDQGȕȖDUHWKHSDUDPHWHUVRIWKHFRPSOH[GLHOHFWULFIXQFWLRQDQG
the module M.
7KHWHPSHUDWXUHHYROXWLRQRIWKHUHOD[DWLRQWLPHLVDGHTXDWHO\¿WWHGXVLQJWKHSKHQRPHQRORJLFDO9RJHO)XOFKHU
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Tammann (VFT) model.
The relaxation time is defined by the equation:
߬ = ߬଴ exp ቂ
ୈ୘బ
்ି బ்
ቃ (7)
(TXDWLRQLVFRPPRQO\DGRSWHGWRGHVFULEHWKHUHOD[DWLRQG\QDPLFVRIJODVV IRUPHUV,Q WKLVHTXDWLRQĲ0 is the
high temperature limit of the fast relaxation and T0 represents the temperature at which the average value of the
relaxation time diverges. The coefficient D can be regarded as a measure of the system fragility. The lower its value
is, the larger the departure from Arrhenius behaviour.9
So we conclude that the conductivity of the ionic liquids often presents a classical linear of Arrhenius behaviour
above ambient temperature. However, when the temperature of these ionic liquids approach their glass transition
temperature (Tg) , the conductivity displays a significant negative deviation from linear behaviour.
ߪ = A ିଵ/ଶሾെȀሺȂ ሻሿ (8)
When A, B, and Tg are adjusted parameters. Comparing the Arrhenius equation with the VFT equation (8), we
can observe that the second is equal to the first if Tg = 0. Thus, we can connect the fitting parameters the VFT-type
HTXDWLRQZLWKWKHSK\VLFDOSDUDPHWHUVRIWKH$UUKHQLXVHTXDWLRQ$ % ı and Ea / kB.
Equation (9) is the modified version of the Vogel-Tamman-Fulcher (VFT) equation (9) 10:
ɐ ൌ  ɐஶିଵ/ଶሾെȀ୆ (T – T୥ )] (9)
3. Theoretical Study.
Application of the principal component analysis method.
The objective of this part is to search the correlations between the parameters of the VFT equation (m: fragility,
TgJODVVWUDQVLWLRQWHPSHUDWXUHOQıORJDULWKPRIWKHFRQGXFWLYLW\WR%FRQVWDQW7o: the temperature at which
WKHFRQGXFWLYLW\ıWHQGVWR]HURıRT, the conductivity at room temperature) on the one hand and the length of the
cation and the size anion of the other hand using the Principal component analysis technique (PCA).
Principal components analysis,(PCA), which is a descriptive technique permitting to study the relationships
between variables and identify the dependence of the structure among the observations to obtain a description or
representation, in a projection data on different axes, called principal axes.
Table .2. Table of data used in the principal component analysis1.
Ionic liquid ıRT (S/m) Tg(K) OQı(S/m) B T0(K) m
C 3mim, BF 4 0,159 175,1 7,86 1284 139,7 78
C4mim , BF 4 0,364 177,9 6,89 1160 146,8 93
C 5mim , BF 4 0,163 182,8 6,69 1240 147,1 78
C 6mim , BF 4 0,118 187,6 6,37 1238 148,5 66
C 7mim , BF 4 0,067 186,1 6,03 1291 146,1 68
C 8mim , BF 4 0,059 189,7 6,1 1295 148,3 62
C 9mim , BF 4 0,042 190,5 5,8 1324 145,9 55
C 6mim , Br 0,0074 187,8 7,47 1668 158,4 158
C 6mim , Tf2N 0,17 187,1 5,59 1057 148,3 57
C 6mim , FAP 0,096 184,7 3,86 965 152,2 73
(For simplification we have omitted the charges + and – and the brackets in the representation of ionic liquids)
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The first analysis is to examine differences betw
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signification. The principal axis PC1 of variance fo
variance. No other principal axis (PC) is included be
By observing the fig.1 it appears that the princip
anion, when the value of the PC1 axis increases the
Tf2N; C 6mim, BF 4). The same observations for th
the value of the PC2 axis increases the size of the ca
BF 4; C8mim, BF4; C9mim, BF4; C3mim, BF 4). Th
each cluster are shown in the table 3.
Table.3. the properties in each cluster.
Cluster 1
Cluster 2
Cluster 3
The principal axes are the same for graph observ
so the information in these two graphs can be compa
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rearrangement. It depends heavily on local inter-ionic Coulomb forces. C6mim, Br is an exception in this series. Its
fragility is much larger than the fragility of ionic liquids with the fluorinated anions. This anomaly can be explained
by the fact that the bromide ion is capable of forming strong hydrogen bonds with the hydrogen atoms of cation
imidazolium. Inter ionic forces lead to the formation of hydrogen bonding and therefore greater fragility. The
presence of this network also makes it more difficult for ions to travel through the sample, causing much lower
conductivity. Fluorinated anions have a lower charge density, because the negative charge is distributed over a much
larger volume. The interaction of these anions with the imidazolium cation is much weaker than the interaction
between the bromide anion and the cation.
The cluster in Figure (1) shows that C6 mim, FAP and C6 mim, Tf2N could be good candidates for high electrical
conductivity at room temperature.
So we concluded that:
If we change the nature of the anion the most influencing parameter on the conductivity of the ionic liquid at
room temperature is the fragility m.
If changing the length of the alkyl chain of the cation the most influencing parameter on the conductivity of the
ionic liquid at room temperature is the glass transition temperature Tg.
4. Conclusion
We focused mainly on the study of physicochemical properties of ionic liquids based on imidazolium.
In this paper, we studied the influence of the size of the anions and cations on the dielectric properties of ionic
liquids based on imidazolium at different temperatures.
The experimental work presented in this paper aimed to make physical measurements by dielectric spectroscopy.
We observed that when the size of the anion increases the electrical conductivity increases also and the observed
electrical conductivity decreases with increasing length of the alkyl chain of the cation CnMIM. The conductivity as
a function of the observed temperature is consistent with the behaviour of the vitreous compounds and it is
explained by the Vogel-Fulcher-Tammann equation (VFT).
The objective of the theoretical study is to look for correlations between the parameters of the VFT equation and
the length of the alkyl chain of the cation and the anion size by using data mining analysis in particular the PCA
method.
The use of PCA shows that data can be used to determine some useful correlations, and then we use this
knowledge to develop new materials.
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